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 Kidney cancer is one of the top ten most common cancers in men and women. There 
are four types of kidney cancer, including Renal Cell Carcinoma (RCC), Transitional cell 
carcinoma, renal sarcoma, and Wilm’s tumor. The most common type of kidney cancers is 
renal cell carcinoma (RCC), with around nine out of ten kidney cancers being RCC (American 
Cancer Associate). Epidemiology studies have identified several risk factors associated with 
kidney cancer.1 Among them, male gender is associated with twice incidence rate of RCC 
as female.2 Androgen and Androgen Receptor (AR) are major factors contributing to male-
gender-associated-diseases, such as prostate cancer,3 suggesting that androgen and AR might 
be involved in RCC development and progression.
 
 In contrast to the results of current epidemiological study, hormonal therapy had 
been evaluated in clinical trials for RCC patients in early decades.4-8 Despite the discovery of 
the therapeutic effects of both progesterone and androgen in RCC patients, their therapeutic 
outcomes had not been appreciated.9 Since androgen and AR are involved in male-gender-
associated diseases, recent studies have switched the focus to target androgen and AR signaling 
in RCC. It was first disclosed that high AR expression is correlated with poor prognosis for 
RCC patients; signifying shorter overall survival, relapse-free survival, and cancer-specific 
survival.10 However, another study suggests that AR is actually expressed in more than 90% of 
normal kidney human samples and that there are no differential AR expressions in normal male 
and female kidneys.11 In addition, AR expression levels are inversely correlated with pT Stage 
and Fuhrman’s Grade in RCC patients. This surprising result leads to further investigation of 
the transactivation activity of AR, as AR mainly exerts its function through transcriptional 
regulation of target genes.12 Androgen treatment does not promote the transactivation activity 
of AR in commonly used RCC cell lines, such as CAKI-2 and OSRC-2, although AR expression 
could be detected in these cells. These interesting results bring up novel questions. How does 
male gender predispose RCC development if AR expression is reduced in RCC samples? Can 
AR be the therapeutic target even if RCC has AR expression without transactivation activity? 

 It has been demonstrated that targeting AR can be a potential therapy for RCC in pre-
clinical model.13 With in vitro malignant transformation assay, AR has been shown to promote 
normal human kidney epithelial cell transformation with more colony numbers and larger colo-
ny in the presence of carcinogen, ferric nitrilotriacetate. In addition, AR promotes cell growth of 
transformed kidney epithelial cells but not that of normal kidney epithelial cells. Furthermore, 
AR involves in cancer migration, invasion, and proliferation in RCC cell lines as determined 
by using overexpression and/or knockdown of AR in RCC cells with cancer progression assays. 
Using cancer-specific cDNA array, hypoxia-induced factor 2α (HIF2α) and Vascular Endothe-
lial Growth Factor (VEGF) were identified to be the AR downstream targets responsible for 
AR-mediated RCC progression. By challenging RCC cells with HIF2α and VEGF inhibitors, 
AR-mediated RCC progressions could be abolished, suggesting that AR might modulate RCC 
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progression through HIF2α and VEGF signaling pathways. 
  
 To determine whether targeting AR can be a potential 
therapy for RCC, an AR degradation enhancer, ASC-J9®, was 
used to determine the effects of targeting AR on RCC progres-
sion in in vitro cell culture and in in vivo preclinical models, sub-
cutaneous and orthotopic xenograft mouse tumor models. ASC-
J9® treatment substantially reduces RCC proliferation, colony 
formation, migration, and invasion in in vitro cell assays. Tar-
geting AR with ASC-J9® in RCC preclinical models also shows 
significant suppression of RCC tumor progression. In addition, 
ASC-J9 inhibits the expression of AR, HIF2α, and VEGF, sug-
gesting that targeting AR may be a novel therapeutic approach 
for RCC patients.
 
 Although androgen and AR signaling may be a poten-
tial therapy for RCC patients, it remains unclear as to why RCC 
have significantly less AR expression than normal kidney and 
why AR is negatively associated with RCC tumor stage. Future 
studies will be needed to explain these controversial observa-
tions.
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 Diabetic nephropathy is a leading cause of end-stage renal failure. Approximately 
20-40% patients with diabetes mellitus will develop nephropathy with a significant propor-
tion requiring regular dialysis or kidney transplantation. The International Diabetes Federation 
estimates that 366 million people had diabetes worldwide in 2011 and 552 million people will 
have this disease by 2030.1 The increasing incidence of diabetes elevates diabetic nephropathy 
to one of the most important current public health issues, representing a significant burden on 
the health system.2 Despite current interventional strategies being intensively implemented, 
the number of patients with diabetes requiring renal replacement therapy for end-stage renal 
disease is growing.3 Current treatments of diabetic nephropathy slow its progression,3 so the 
optimal therapeutic strategy to arrest or reverse the nephropathy is needed urgently. As multiple 
risk factors and their interactions promote the development of diabetic nephropathy, targeting 
a single factor may be ineffective in the treatment of this disease; thus, optimal treatments by 
targeting multiple factors need to be developed to arrest or reverse the diabetic nephropathy.

 The classical features of diabetic kidney include glomerular and tubular basement 
membrane thickening, and mesangial and interstitial expansion. There is deposition of extracel-
lular matrix in both glomerular and interstitial compartments.4 Due to increased matrix protein 
production and decreased protein degradation, over accumulation of collagen type I, III and IV, 
and fibronectin occurs in the mesangium and interstitium, which leads to decreased glomerular 
filtration, tubular injury and interstitial fibrosis. The mechanisms of the diabetic nephropathy 
have been largely investigated. It was well documented that chronic hyperglycaemia interferes 
with various intracellular processes including activation of protein kinase C, leads to genera-
tion of Advanced glycation end-products (AGEs) and reactive oxygen species, of inflammatory 
cytokines and chemokines and changes in cellular signaling pathways leading to dysregulation 
of transcription factors controlling the extracellular matrix homeostasis.5-7 However, diabetic 
nephropathy is complex and multifactorial and the current therapies are largely ineffective, 
therefore there is increasing urgency to identify novel therapeutic targets that will allow more 
precise control over disease development and progression.

 Current treatments of diabetic nephropathy involve the strict control of metabolic and 
hemodynamic abnormalities.8,9 Glycaemic control, reducing albuminuria and management of 
hypertension are commonly used to limit the progress of diabetic nephropathy.9 Despite of 
these strategies, the number of patients with diabetes that ultimately develop end-stage renal 
disease remains high. Novel agents to inhibit AGE-RAGE, PKC, TGFβ, oxidative stress, and 
fibrosis are under investigation.8 In recent years, inflammatory pathways and inflammasome 
activation in renal disease has been recognised.10,11 Micro-RNA based therapies have shown 
promise in ameliorating chronic renal disease;12-16 and dysregulation of autophagy in the devel-
opment of diabetic nephropathy has been reported.17-21 
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CHRONIC INFLAMMATION IN DIABETIC NEPHROPATHY
 
 Inflammation plays a central role in the progression of 
diabetic kidney disease.11 Molecules integral to the inflammation 
pathways in diabetic kidney disease include transcription factors, 
pro-inflammatory cytokines, chemokines, adhesion molecules, 
Toll-like receptors, adipokines and nuclear receptors, which are 
all novel molecular targets for the treatment of diabetic kidney 
disease.11 Comprehensive genomic profiling in diabetic kidneys 
identified the central role of proinflammatory pathways and the 
identified pathological gene assemblies resulting in renal inflam-
mation, apoptosis and cell cycle arrest in progressive diabetic 
kidney disease.22,23 Inflammasomes are key signaling platforms 
that detect pathogenic microorganisms and sterile stressors, and 
that activate the highly pro-inflammatory cytokines IL-1β and 
IL-18.24 Nlrp3 is one such inflammasome that, once activated, 
Nlrp3 inflammasome activates caspase-1 and mediates the pro-
cessing and release of cytokine IL-1β, amplifies the inflam-
matory response.25 Once activated, Nlrp3 recruits the adapter 
ASC (apoptosis-related speck-like protein containing a caspase 
recruitment domain), which in turn recruits procaspase-1. Pro-
caspase-1 auto catalyzes its cleavage and activation, resulting 
in maturation of the precursor forms of IL-1β and IL-18 into 
active proinflammatory cytokines and initiation of pyroptotic 
cell death.26 The Nlrp3 inflammasome has been implicated in 
the pathogenesis of a wide variety of diseases including renal 
fibrosis. The Nlrp3 inflammasome has previously been reported 
to promote renal inflammation and contribute to chronic kidney 
disease.27 Activation of the Nlrp3-inflammasome has been pre-
viously demonstrated in in vitro studies in endothelial cells and 
podocytes, in patients with diabetes, and in mouse models of 
diabetes.28 It has been well summarized the recent findings: the 
Nlrp3 inflammasome is not limited by the traditional microbial 
stimuli of innate immunity and its connection with autophagy, 
apoptosis, fibrosis, and pro-inflammatory cytokines has broader 
implications for a variety of kidney diseases.29 In a wide spec-
trum of glomerular and tubulointerstitial diseases, the Nlrp3 in-
flammasome is upregulated in both classical immune cells such 
as infiltrating macrophages and resident dendritic cells as well as 
in renal tubular epithelial cells, and even podocytes.29 Inhibition 
of the Nlrp3 inflammasome ameliorates renal injury in a variety 
of animal models.29 The deleterious effect of albuminuria on the 
proximal tubular epithelium and podocytes is, in part, mediated 
by inflammasome activation.29 Therefore, developing strategies 
to target Nlrp3 inflammasome in diabetic nephropathy are war-
ranted. 

miRNAs IN DIABETIC NEPHROPATHY (DN)

 Several miRNAs were reported to participate in the 
pathogenesis of DN, while others showed renal protective effects 
in diabetic nephropathy. To date, some miRNAs are displaying 
therapeutic potential with several in pre-clinical development. 
Thus, targeting miRNAs that are involved in diabetic nephropa-
thy may have a good prospect in the treatment of the disease.30,31 

It was reported that the specific reduction of renal miR-192 

decreases renal fibrosis and improves proteinuria, lending sup-
port for the possibility of an anti-miRNA-based translational 
approach to the treatment of diabetic nephropathy.32 TGF-β1, a 
cytokine playing a central role in the development of diabetic 
nephropathy, reduced expression of the miR-29a/b/c/family, 
which targets collagen gene expression, and increased expres-
sion of ECM proteins.33 miR-200a and miR-141 significantly 
impact on the development and progression of TGFβ-dependent 
EMT and fibrosis in vitro and in vivo.34 It was also reported that 
overexpression of miR-21 in kidney cells enhanced, but knock-
down of miR-21 suppressed, high-glucose-induced production 
of fibrotic and inflammatory markers. Thus inhibition of miR-21 
might be an effective therapy for diabetic nephropathy.35 One 
study has demonstrated that miR-21 overexpression can contrib-
ute to TGF-β1-induced EMT by inhibiting target smad7, and that 
targeting miR-21 may be a better alternative to directly suppress 
TGF-β1-mediated fibrosis in diabetic nephropathy.36 Despite 
there are controversial reports about the role of miR-21 and miR-
192 in the diabetic nephropathy,37,38 miRNA-based therapies still 
hold great promise in ameliorating diabetic nephropathy. To 
date, the major obstacle to the therapeutic use of miRNAs is the 
delivery method. Systemic delivery of miRNAs or antagonistic 
miRs have been widely used, but lead to off-target effects, as 
this methodology may change the function of miRNAs in organs 
other than where pathology is targeted. To tackle this problem, 
kidney targeted delivery of exogenous miRNA is essential in the 
treatment of diabetic nephropathy. 

AUTOPHAGY IN DIABETIC NEPHROPATHY

The development of metabolic diseases, such as type 
2 diabetes and its complications are associated with alterations 
in several nutrient-sensing pathways.17 One such nutrient-sens-
ing pathway involves the mammalian Target of Rapamycin 
(mTOR), AMP-activated protein kinase (AMPK), and oxidized 
NAD- (NAD+-) dependent histone deacetylase (SIRT1), which 
are also recognized as important regulatory factors of autophagy 
under nutrient-depleted conditions.17 Thus alteration of these 
pathways under diabetic conditions may impair the autophagic 
stress response, which may be involved in the development of 
diabetic nephropathy.17 Indeed, treatment with rapamycin, an in-
hibitor of mTORC1, limits the development of diabetic nephrop-
athy induced by Streptozotocin (STZ) in rats, which implicates 
a potential pathogenic role of the mTOR pathway in diabetic 
nephropathy.39 One of the major upstream regulators of mTOR 
is AMP activated protein kinase (AMPK), a critical energy sen-
sor. Many studies have shown that AMPK phosphorylation and 
activity are reduced in the renal cortex of kidneys from STZ-
induced diabetic rats and db/db mice, while AMPK activators, 
resveratrol, metformin and AICAR attenuate renal hypertro-
phy, renal lipid accumulation and urinary albumin excretion.20 

SIRT1 has been shown to inhibit renal cell apoptosis, inflam-
mation and fibrosis, and regulate lipid metabolism, autophagy, 
blood pressure and sodium balance.40 As reviewed,41 autophagy 
can be stimulated by multiple forms of cellular stress includ-
ing growth factor deprivation, hypoxia and Reactive Oxygen 
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Species (ROS), which are common factors implicated in dia-
betic nephropathy. Hence targeting the autophagic pathway to 
activate and restore autophagy activity may be renoprotective. 
Fang, et al. reported high glucose/diabetes impaired autophagy 
in podocytes in vitro and in diabetic mice.18 Tanaka, et al. pres-
ent a compelling case for the need for studies addressing the 
roles of autophagy in diabetic nephropathy as these pathways 
are likely to be eminently suitable targets for novel therapeu-
tic approaches.17 Mitophagy dysfunction also contributes to 
the development of diabetic nephropathy. Mitochondria are the 
main energy-producing organelles in mammalian cells, but they 
also play a central role in cell injury and death signalling. Mito-
chondria are known to be a major intracellular source of ROS.42 
Under pathological conditions such as diabetes, uncoupling of 
oxidative phosphorylation and loss of mitochondrial membrane 
integrity induce excessive ROS production from the respiratory 
chain, while excessive ROS leads to further mitochondrial dys-
function and disruption.43 Oxidative damage and the associated 
mitochondrial dysfunction may result in energy depletion, ac-
cumulation of cytotoxic mediators and cell death. Mitophagy, a 
biological process of autophagic removal of damaged mitochon-
dria, is important as dysfunctional mitochondria may enhance 
cellular oxidative stress, generate apoptotic signals, and induce 
cell death. To date, autophagy is the sole known mechanism for 
mitochondrial turnover. Fragmented mitochondria are engulfed 
by autophogasomes via mitophagy and emerging evidence has 
suggested mitochondrial fragmentation is characteristic of renal 
diseases, including diabetic nephropathy.42 In response to re-
duced cellular ATP, AMPK is activated, which phosphorylates 
ULK1 and ULK2 (two Atg1 homologues) to activate both gen-
eral autophagy and mitophagy. In response to stress, induction 
of mitophagy results in selective clearance of damaged mito-
chondria in cells. Autophagic removal of damaged mitochondria 
requires two steps: induction of general autophagy and priming 
of damaged mitochondria for selective autophagic recognition, 
mediated either by the Pink1-Parkin signalling pathway or the 
mitophagic receptors Nix and Bnip3.44 Dysfunction of mito-
chondria in diabetic kidneys has been well reviewed.42,45 Studies 
from animal models indicate that disturbances in mitochondrial 
homeostasis are central to the pathogenesis of diabetic kidney 
disease.46 Collectively, functionally restoring the autophagy and 
mitophagy in kidney may be an effective strategy to arrest the 
progression of diabetic nephropathy. However, to date there is 
not specific pharmacological activator or inducer of autophagy 
and mitophagy available. 

 In conclusion, the complications of diabetes mellitus, 
such as nephropathy, parallel its rapidly increasing incidence 
with resultant devastating personal and societal impacts. A suc-
cessful continuum between innovative discovery science and 
rigorous translation of research findings is required to limit the 
development, and improve the outcomes of patients with exist-
ing diabetic nephropathy. However, diabetic kidney disease is 
complex and multifactorial and the current therapies are largely 
ineffective, therefore there is increasing urgency to identify nov-
el therapeutic targets that will allow more precise control over 

disease development and progression. In addition to optimal 
control of hyperglycaemia, hypertension and albuminuria, novel 
strategies to target chronic inflammatory signalling pathways, 
restore function of autophagy and mitophagy, and kidney-spe-
cific deliver miRNA in kidney would be future directions for the 
treatment of diabetic nephropathy. 

CONFLICTS OF INTEREST

We declare there are no conflicts of interest.

ACKNOWLEDGMENT

This work was supported by the Juvenile Diabetes Research 
Foundation International.

REFERENCES

1. Nickerson HD, Dutta S. Diabetic complications: current chal-
lenges and opportunities. J Cardiovasc Transl Res. 2012; 5: 375-
379. doi: 10.1007/s12265-012-9388-1  

2. Jha V, Garcia-Garcia G, Iseki K, et al. Chronic kidney disease: 
global dimension and perspectives. Lancet. 2013; 382: 260-272. 
doi: 10.1016/S0140-6736(13)60687-X 

3. Lim A. Diabetic nephropathy-complications and treatment. 
International journal of nephrology and renovascular disease. 
2014; 7: 361-381. doi: 10.2147/IJNRD.S40172  

4. Tervaert TW, Mooyaart AL, Amann K, et al. Pathologic clas-
sification of diabetic nephropathy. J Am Soc Nephrol. 2010; 21: 
556-563. doi: 10.1681/ASN.2010010010 

5. Mora-Fernandez C, Dominguez-Pimentel V, de Fuentes 
MM, et al. Diabetic kidney disease: from physiology to thera-
peutics. J Physiol. 2014; 592: 3997-4012. doi: 10.1113/jphysi-
ol.2014.272328 

6. Badal SS, Danesh FR. New insights into molecular mecha-
nisms of diabetic kidney disease. Am J Kidney Dis. 2014; 63: 
S63-S83. doi: 10.1053/j.ajkd.2013.10.047 

7. Forbes JM, Cooper ME. Mechanisms of diabetic complica-
tions. Physiological reviews. 2013; 93: 137-188. doi: 10.1152/
physrev.00045.2011 

8. Chan GC, Tang SC. Diabetic nephropathy: landmark clini-
cal trials and tribulations. Nephrology, dialysis, transplantation: 
official publication of the European Dialysis and Transplant 
Association-European Renal Association. 2015. doi: 10.1093/
ndt/gfu411 

9. Fineberg D, Jandeleit-Dahm KA, Cooper ME. Diabetic ne-
phropathy: diagnosis and treatment. Nature reviews. Endocri-
nology. 2013; 9: 713-723.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3396342/
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736%2813%2960687-X/abstract
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4206379/
http://jasn.asnjournals.org/content/21/4/556.full
http://www.ncbi.nlm.nih.gov/pubmed/24907306
http://www.ncbi.nlm.nih.gov/pubmed/24907306
http://www.ncbi.nlm.nih.gov/pubmed/24461730
http://www.ncbi.nlm.nih.gov/pubmed/23303908
http://www.ncbi.nlm.nih.gov/pubmed/23303908
http://ndt.oxfordjournals.org/content/early/2015/01/29/ndt.gfu411.abstract
http://ndt.oxfordjournals.org/content/early/2015/01/29/ndt.gfu411.abstract


 NEPHROLOGY

Open Journal
http://dx.doi.org/10.17140/NPOJ-1-104

Nephrol Open J

ISSN 2380-0445

10. Meng XM, Nikolic-Paterson DJ, Lan HY. Inflammatory pro-
cesses in renal fibrosis. Nature reviews. Nephrology. 2014; 10: 
493-503. doi:10.1038/nrneph.2014.114 

11. Wada J, Makino H. Inflammation and the pathogenesis of 
diabetic nephropathy. Clinical science. 2013; 124: 139-152. doi: 
10.1042/CS20120198

12. Gomez IG, Grafals M, Portilla D, Duffield JS. MicroRNAs 
as potential therapeutic targets in kidney disease. Journal of the 
Formosan Medical Association=Taiwan yi zhi. 2013; 112: 237-
243. doi: 10.1016/j.jfma.2012.12.011 

13. Li R, Chung AC, Yu X, Lan HY. MicroRNAs in Diabetic 
Kidney Disease. International journal of endocrinology. 2014; 
2014: 593956. doi: 10.1155/2014/593956

14. Khella HW, Bakhet M, Lichner Z, et al. MicroRNAs in kid-
ney disease: an emerging understanding. Am J Kidney Dis. 2013; 
61: 798-808. doi: 10.1053/j.ajkd.2012.09.018

15. Schena FP, Serino G, Sallustio F. MicroRNAs in kidney dis-
eases: new promising biomarkers for diagnosis and monitoring. 
Nephrology, dialysis, transplantation: official publication of the 
European Dialysis and Transplant Association - European Renal 
Association. 2014; 29: 755-763. doi: 10.1093/ndt/gft223

16. Srivastava SP, Koya D, Kanasaki K. MicroRNAs in kid-
ney fibrosis and diabetic nephropathy: roles on EMT and End-
MT. BioMed research international. 2013; 2013: 125469. doi: 
10.1155/2013/125469
 
17. Tanaka Y, Kume S, Kitada M, et al. Autophagy as a thera-
peutic target in diabetic nephropathy. Experimental diabetes re-
search. 2012; 2012: 628978. doi: 10.1155/2012/628978 

18. Fang L, Zhou Y, Cao H, et al. Autophagy attenuates diabetic 
glomerular damage through protection of hyperglycemia-in-
duced podocyte injury. PloS one. 2013; 8: e60546. doi: 10.1371/
journal.pone.0060546

19. Ding Y, Choi ME. Autophagy in diabetic nephropathy. The 
Journal of endocrinology. 2015; 224: R15-R30. doi: 10.1530/
JOE-14-0437 

20. Wang Z, Choi ME. Autophagy in kidney health and dis-
ease. Antioxid Redox Signal. 2014; 20: 519-537. doi: 10.1089/
ars.2013.5363 

21. Kume S, Yamahara K, Yasuda M, et al. Autophagy: Emerging 
Therapeutic Target for Diabetic Nephropathy. Semin Nephrol. 
2014; 34: 9-16. doi: 10.1016/j.semnephrol.2013.11.003
 
22. Kelly KJ, Liu Y, Zhang J, et al. Comprehensive genomic 
profiling in diabetic nephropathy reveals the predominance of 
proinflammatory pathways. Physiological genomics. 2013; 45: 

710-719. doi: 10.1152/physiolgenomics.00028.2013 

23. Lim AK, Tesch GH. Inflammation in diabetic nephropa-
thy. Mediators of inflammation. 2012; 2012: 146154. doi: 
10.1155/2012/146154
 
24. Latz E, Xiao TS, Stutz A. Activation and regulation of the 
inflammasomes. Nature reviews. Immunology. 2013; 13: 397-
411. doi: 10.1038/nri3452 

25. Baroja-Mazo A, Martin-Sanchez F, Gomez AI, et al. The 
NLRP3 inflammasome is released as a particulate danger signal 
that amplifies the inflammatory response. Nature immunology. 
2014; 15: 738-748. doi: 10.1038/ni.2919 

26. Ozaki E, Campbell M, Doyle SL. Targeting the NLRP3 in-
flammasome in chronic inflammatory diseases: current perspec-
tives. Journal of inflammation research. 2015; 8: 15-27. doi: 
10.2147/JIR.S51250
 
27. Vilaysane A, Chun J, Seamone ME, et al. The NLRP3 in-
flammasome promotes renal inflammation and contributes to 
CKD. J Am Soc Nephrol. 2010; 21: 1732-1744.

28. Shahzad K, Bock F, Dong W, et al. Nlrp3-inflammasome 
activation in non-myeloid-derived cells aggravates diabetic ne-
phropathy. Kidney Int. 2015; 87: 74-84.

29. Chang A, Ko K, Clark MR. The emerging role of the in-
flammasome in kidney diseases. Current opinion in nephrol-
ogy and hypertension. 2014; 23: 204-210. doi: 10.1097/01.
mnh.0000444814.49755.90 

30. McClelland AD, Kantharidis P. microRNA in the develop-
ment of diabetic complications. Clinical science. 2014; 126: 95-
110. doi: 10.1042/CS20130079 

31. Wu H, Kong L, Zhou S, et al. The role of microRNAs in 
diabetic nephropathy. Journal of diabetes research. 2014; 2014: 
920134. doi: 10.1155/2014/920134
 
32. Putta S, Lanting L, Sun G, et al. Inhibiting microRNA-192 
ameliorates renal fibrosis in diabetic nephropathy. J Am Soc 
Nephrol. 2012; 23: 458-469. doi: 10.1681/ASN.2011050485 

33. Wang B, Komers R, Carew R, et al. Suppression of microR-
NA-29 Expression by TGF-beta1 Promotes Collagen Expres-
sion and Renal Fibrosis. J Am Soc Nephrol. 2012; 23: 252-265. 
doi: 10.1681/ASN.2011010055 

34. Wang B, Koh P, Winbanks C, et al. miR-200a Prevents Renal 
Fibrogenesis Through Repression of TGF-{beta}2 Expression. 
Diabetes. 2011; 60: 280-287. doi: 10.2337/db10-0892
 
35. Zhong X, Chung AC, Chen HY, et al. miR-21 is a key thera-
peutic target for renal injury in a mouse model of type 2 diabe-

Page 23

http://www.nature.com/nrneph/journal/v10/n9/full/nrneph.2014.114.html
http://www.ncbi.nlm.nih.gov/pubmed/23075333
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4017353/
http://www.hindawi.com/journals/ije/2014/593956/
http://www.ncbi.nlm.nih.gov/pubmed/23219107
http://www.ncbi.nlm.nih.gov/pubmed/23787546
http://www.ncbi.nlm.nih.gov/pubmed/24089659
http://www.ncbi.nlm.nih.gov/pubmed/22028701
http://journals.plos.org/plosone/article%3Fid%3D10.1371/journal.pone.0060546
http://journals.plos.org/plosone/article%3Fid%3D10.1371/journal.pone.0060546
http://www.ncbi.nlm.nih.gov/pubmed/25349246
http://www.ncbi.nlm.nih.gov/pubmed/25349246
http://www.ncbi.nlm.nih.gov/pubmed/23642034
http://www.ncbi.nlm.nih.gov/pubmed/23642034
http://www.ncbi.nlm.nih.gov/pubmed/24485025
http://www.ncbi.nlm.nih.gov/pubmed/23757392
http://www.hindawi.com/journals/mi/2012/146154/
http://www.nature.com/nri/journal/v13/n6/full/nri3452.html
http://www.nature.com/ni/journal/v15/n8/full/ni.2919.html
http://www.ncbi.nlm.nih.gov/pubmed/25653548
http://www.ncbi.nlm.nih.gov/pubmed/24685591
http://www.ncbi.nlm.nih.gov/pubmed/24685591
http://www.ncbi.nlm.nih.gov/pubmed/24059587
http://www.hindawi.com/journals/jdr/2014/920134/
http://www.ncbi.nlm.nih.gov/pubmed/22223877
http://www.ncbi.nlm.nih.gov/pubmed/22095944
http://www.ncbi.nlm.nih.gov/pubmed/20952520


 NEPHROLOGY

Open Journal
http://dx.doi.org/10.17140/NPOJ-1-104

Nephrol Open J

ISSN 2380-0445

tes. Diabetologia. 2013; 56: 663-674. doi: 10.1007/s00125-012-
2804-x
 
36. Wang JY, Gao YB, Zhang N, et al. miR-21 overexpression 
enhances TGF-beta1-induced epithelial-to-mesenchymal transi-
tion by target smad7 and aggravates renal damage in diabetic 
nephropathy. Molecular and cellular endocrinology. 2014; 392: 
163-172. doi: 10.1016/j.mce.2014.05.018
 
37. Lai JY, Luo J, O’Connor C, et al. MicroRNA-21 in Glomeru-
lar Injury. J Am Soc Nephrol. 2015; 26: 805-816. doi: 10.1681/
ASN.2013121274
 
38. Krupa A, Jenkins R, Luo DD, et al. Loss of MicroRNA-192 
promotes fibrogenesis in diabetic nephropathy. J Am Soc 
Nephrol. 2010; 21: 438-447. doi: 10.1681/ASN.2009050530 

39. Lieberthal W, Levine JS. The role of the mammalian target 
of rapamycin (mTOR) in renal disease. J Am Soc Nephrol. 2009; 
20: 2493-2502. doi: 10.1681/ASN.2008111186
 
40. Kitada M, Kume S, Takeda-Watanabe A, et al. Sirtuins and 
renal diseases: relationship with aging and diabetic nephropathy. 
Clinical science. 2013; 124: 153-164. doi: 10.1042/CS20120190
 
41. Kroemer G, Marino G, Levine B. Autophagy and the inte-
grated stress response. Molecular cell. 2010; 40: 280-293. doi: 
10.1016/j.molcel.2010.09.023
 
42. Zhan M, Brooks C, Liu F, et al. Mitochondrial dynamics: 
regulatory mechanisms and emerging role in renal pathophysiol-
ogy. Kidney Int. 2013; 83: 568-581.

43. Lee J, Giordano S, Zhang J. Autophagy, mitochondria and 
oxidative stress: cross-talk and redox signalling. Biochem J. 
2012; 441: 523-540. doi: 10.1042/BJ20111451
 
44. Ashrafi G, Schwarz TL. The pathways of mitophagy for 
quality control and clearance of mitochondria. Cell death and 
differentiation. 2013; 20: 31-42. doi: 10.1038/cdd.2012.81
 
45. Sharma K, Karl B, Mathew AV, et al. Metabolomics reveals 
signature of mitochondrial dysfunction in diabetic kidney dis-
ease. J Am Soc Nephrol. 2013; 24: 1901-1912. doi: 10.1681/
ASN.2013020126
 
46. Higgins GC, Coughlan MT. Mitochondrial dysfunction and 
mitophagy: the beginning and end to diabetic nephropathy? 
British journal of pharmacology. 2014; 171: 1917-1942. doi: 
10.1111/bph.12503 

Page 24

http://www.ncbi.nlm.nih.gov/pubmed/23292313
http://www.ncbi.nlm.nih.gov/pubmed/23292313
http://www.ncbi.nlm.nih.gov/pubmed/24887517
http://www.ncbi.nlm.nih.gov/pubmed/25145934
http://www.ncbi.nlm.nih.gov/pubmed/25145934
http://www.ncbi.nlm.nih.gov/pubmed/20056746
http://www.ncbi.nlm.nih.gov/pubmed/19875810
http://www.ncbi.nlm.nih.gov/pubmed/23075334
http://www.ncbi.nlm.nih.gov/pubmed/20965422
http://www.ncbi.nlm.nih.gov/pubmed/22187934
http://www.ncbi.nlm.nih.gov/pubmed/22743996
http://www.ncbi.nlm.nih.gov/pubmed/23949796
http://www.ncbi.nlm.nih.gov/pubmed/23949796
http://onlinelibrary.wiley.com/doi/10.1111/bph.12503/abstract


 NEPHROLOGY

Open Journal
http://dx.doi.org/10.17140/NPOJ-1-105

Nephrol Open J

ISSN 2380-0445

Hypothesis
*Corresponding author: 
Yingjian Zhu, PhD, MD 
Department of Urology 
Shanghai First People’s Hospital 
School of Medicine 
Shanghai Jiao Tong University 
Shanghai No 100, Haining Road, 
Shanghai, PR 200080, China 
Tel. 86-21-63240090-3161 
Fax: 86-21-63240825 
E-mail: zhuyingjian_sjtu@126.com

Article History:
Received: June 3rd, 2015 
Accepted: July 23rd, 2015 
Published: July 30th, 2015

Citation: 
Xiangyu Z, Yingjian Z. A new 
hypothesis:the immunomodulatory 
effects of mesenchymal stromal cell 
derived extracellular vesicles in isch-
emic kidney injury partly through 
spleen. Nephrol Open J. 2015; 1(2): 
25-29.

Copyright: 
© 2015 Yingjian Z. This is an open 
access article distributed under the 
Creative Commons Attribution Li-
cense, which permits unrestricted 
use, distribution, and reproduction 
in any medium, provided the origi-
nal work is properly cited.

Volume 1 : Issue 2
Article Ref. #: 1000NPOJ1105

A New Hypothesis: The Immunomodulatory 
Effects of Mesenchymal Stromal Cell  
Derived Extracellular Vesicles in Ischemic 
Kidney Injury Partly through Spleen

Zou Xiangyu and Zhu Yingjian*

Department of Urology, Shanghai First People’s Hospital, School of Medicine, Shanghai Jiao 
Tong University, Shanghai, PR 200080, China

Page 25

ABSTRACT

 Ischemic Reperfusion Injury (IRI) is a major reason for Acute Kidney Injury (AKI) in 
hospitalization patients and could continue to result in end-stage kidney fibrosis. Mesenchymal 
Stromal Cells (MSCs) are regarded as a promising therapeutic method for AKI, but the po-
tential ethical and tumorigenesis problems of MSCs limit clinical use. Recently Extracellular 
Vesicles (EVs) that contained in the MSCs’ condition medium were also found having a vital 
therapeutic effect in IRI induced AKI. As for the pluripotent prosperities of MSCs, MSC-EVs 
contain various bioactive substances that participate in the tissue repair and the immunomodu-
latory effect of MSC-EVs has been regarded as a crucial role in ischemic kidney injury and re-
pair. However, the true mechanism still unknown. Based on existed facts, we hypothesized that 
the immunomodulatory effect of MSC-EVs in ischemic kidney injury partly through spleen.

KEYWORDS: Mesenchymal stromal cell; Extracellular vesicles; Ischemic kidney injury; Im-
munomodulatory.

ABBREVIATIONS: IRI: Ischemic Reperfusion Injury; AKI: Acute Kidney Injury; MSCs: Mes-
enchymal Stromal Cells; EVs: Extracellular Vesicles; I/R: Ischemia/Reperfusion; ICAM-1: In-
tercellular adhesion molecule-1.

INTRODUCTION

 Ischemia/Reperfusion (I/R) injury could cause the intrinsic acute kidney injury (AKI) 
and lead to the kidney fibrosis in later stage.1 Viable renal cells are unable to repair the necrotic 
tissues due to their limited capability of regeneration, which results in the damage of renal func-
tions. Despite the renal replacement, there is no specific therapy to improve renal function has 
been found in decades. These facts reveal us to investigate new strategies to treat AKI.

 In recent years, the MSCs-based therapy in AKI provides us a new way to protect 
the renal functions. MSCs from various sources (such as bone marrow, fetal membrane and 
adipose) in repairing kidney injury were reported,2-4 however, the potential immune rejection, 
adipogenic differentiation and malignant transformation events of MSCs limit our clinical use. 
EVs contained in the MSC’s condition medium could repair variety injured organs and also 
could alleviate I/R injury induced AKI.5,6 EVs acquire the cell surface markers when they are 
released by different cells and could reach the target organs in body when they were injected in-
travenously. Our previous studies also found human umbilical cord mesenchymal cells derived 
EVs reached the spleen , lungs and injured kidney in a rat AKI model and it could attenuate 
the ischemic kidney injury,7 which is consistent with the recent published results.8 MSC-EVs 
could alleviate kidney injury and protect the renal functions in the different AKI animal models, 
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and both the MSCs and MSC-EVs have the anti-inflammation 
characters via decreasing the pro-inflammation cells and factors 
in ischemic injured kidneys.7,9-11 The inflammation level of isch-
emic kidney depends on the regulation of the whole body. As 
one of the most important immune organs in the body, spleen 
has the inflammatory cell regulation functions under different 
stresses and it could directly affect the circulating inflammatory 
mediators. The inflammatory cells in the spleen have an impor-
tant role in the physiopathology of ischemic AKI, and it has 
been demonstrated that MSCs attenuate ischemic AKI trough 
immunomodulatory effects in a spleen depended manner, which 
means that MSCs would lose these effects without the spleen.12 
However, the possible mechanisms of MSC-EVs in IRI AKI re-
main unclear.

HYPOTHESIS

 The effects of MSC-EVs in ischemic AKI are multiple 
and the immune systems have vital functions in kidney I/R in-
jury. The immunomodulatory effects of MSC-EVs in ischemic 
kidney injury partly through spleen. (Figure 1).

Evaluation of the Hypothesis

 The physiopathology of ischemic AKI is complex and 
the role of inflammation in AKI has been well known.13,14 The 
alternation of inflammatory cells and factors in different milieus 

may exert different effects. In the initiation and extension of 
ischemic AKI, pro-inflammation cells are increased and acti-
vated in the injured kidney. Studies have shown that T cells are 
the key mediators in ischemic AKI and the regulation T cells 
(Tregs) have the reno-protective effects.15,16 Pro-inflammation 
cells could directly kill the tubular epithelial cells or secrete pro-
inflammatory factors to lead the kidney damages indirectly.17-20 
Then the inhibitions of some inflammatory pathways were used 
to attenuate organ I/R injury. Researchers have also found that 
it could significantly decrease the renal tubular apoptosis and 
protect the kidney functions in AKI animal models when deplet-
ing some inflammatory related cells and pro-inflammatory fac-
tors.21,22

 Different tissue sources acquired MSCs and MSC-EVs 
are used to regulate inflammatory response in injured organs. 
MSCs could exhibit immunosuppressive or immunomodulatory 
properties by inhibiting T cells and NK cells.23,24 The down-regu-
lation of TNF-a, IL-6, macrophages and up-regulation of the IL-
10, IL-4, Bfgf were also found after MSCs treatment in injured 
kidney.25-28 What is more, in the acute lung injury mice model, 
MSCs derived EVs reduced the neutrophils and inflammation 
factors both in injured lungs and plasma, and the macrophage 
inflammation protein-2 in the injured lungs also changed.29 The 
infiltration of different inflammatory cells in injured kidneys de-
pends on the cells that transmigration across the vascular endo-
thelium in serum. As one of the most important immune organ 

Figure 1: EVs derived from mesenchymal stromal cells have the therapy effects in AKI through accommodating both the systemic 
immune responses and chemokine in injured kidneys. After admination of MSC-EVs in ischemic kidney models, EVs could reach the 
targeted organs (spleen and injured kidneys) to change the systemic immune responses (such as change the phenotypes of T cells, 
NK cells, NKT cells or Tregs) and chemokine levels in injured kidneys (CX3C, ICAM-1, CXC, MCP-1, et al). Through the combined 
effects above, EVs ultimately lead to regulate inflammatory levels in the ischemic kidney and attenuate kidney injury.
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in the body, spleen has the inflammatory cell regulation function 
under different stresses and it could directly affect the circulat-
ing mediators or signals. The immune cells in the spleen par-
ticipate the physiopathology of AKI,30,31 and Jie Hu, et al. also 
demonstrated that MSCs attenuate AKI by immunomodulatory 
effects in a spleen depended manner.12 Meanwhile, the transmi-
gration of inflammatory cells across the vascular endothelium 
into kidneys depends upon various adhesion molecules, che-
mokine and their receptors.32 Studies have showed that a large 
number of chemokine like CCL2, CXCL8 are increased in kid-
ney after ischemic AKI.33 Moreover, activated tubular epithelial 
cells could express Intercellular adhesion molecule-1 (ICAM-1) 
and P-select in to interact with the neutrophils, monocytes and T 
cells.34 These factors are generated by the tubular epithelium or 
vascular endothelial cells in injured kidney to attract inflamma-
tory cells. So both the immune cells in circulation systems and 
chemokines in injured kidneys determine the ultimate inflamma-
tion levels in injured organs.

 EVs are small vesicles in the condition medium with an 
average about 100 nm sizes. So compared to MSCs, EVs could 
not only recognize the target cells via specific surface recep-
tors, but also could reach various organs in body via circulation 
systems. After recognition of the target cells, EVs could change 
target cell phenotypes by delivering bioactive substances, such 
as proteins, mRNAs and miRNAs.35,36 Researchers have proved 
that endothelial cell derived EVs are able to reprogram vascular 
cells by transfer mRNAs and MSC-EVs protect the kidney tu-
bular cells by transfer related miRNAs.37-39 Until now, various 
mRNAs in the MSC-EVs have been found, such as cell cycle re-
lated SUMO1, transcription factors related Interferon regulatory 
factor 6 and it also has the immune regulation related Interleukin 
1receptor antagonist and Cytokine receptor-like factor 1.38 What 
is more, several recent reports have demonstrated that the effect 
of EVs is limited not only to local kidneys but to other organs,8,40 
which may suggest the presence of a systemic effect of EVs in 
ischemic AKI. Based on the above facts, we hypothesize that 
MSC-EVs exist immunomodulatory effects in ischemic kidney 
injury and these effects partly through spleen.

 However, there were still some questions for further 
detail research. First, there are many inflammatory cells in the 
physiopathology of ischemic AKI, any of these might be in-
volved in EVs’ therapy effects. In the previous studies, macro-
phages and T cells were involves in the protective role of MSCs 
in renal IRI.12,41 As for the EVs derived from MSCs, we may 
focus these cells for the further research. Second, the inflamma-
tion related chemokine in ischemic kidneys are multiple, such 
as CX3C, CXC, MCP-1, et al. To ensure the main cells and (or) 
factors in this process is the next works. Third, how MSC-EVs 
change these cell phenotypes or proteins remains controversy. 
Some studies showed that EVs derived from various sources 
could horizontal transfer nuclear acids, functional proteins, bio-
active membrane and other materials to target cells.42,43 In our 
opinion any way cannot be excluded. All of these should be ex-

plicated in future research. 

Consequences of the Hypothesis
 
 Ischemic AKI is a serious condition that occurs in clini-
cal treatment, and MSC-MVs provide the same or better thera-
peutic effect when compared to MSCs. In the previous studies 
researchers found that MSCs have the immunomodulatory ef-
fects in ischemic kidney injury in a spleen depended manner. As 
for the immunomodulatory effects of MSC-EVs in organ injury 
repair still unknown, so we hypothesize here that both systemic 
inflammatory cells and local kidney chemokines are regulated 
by MSC-EVs and these effects partly through spleen, which pro-
pose a new sight in MSC-EVs’ treatment and supply the theo-
retical basis for the direction of clinical use.
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ABSTRACT

Introduction: Little is known about patients sustaining Acute Kidney Injury (AKI) in the Com-
munity Acquired Acute Kidney Injury (CA-AKI) and how this differs from AKI in Hospital Ac-
quired Acute Kidney Injury (HA-AKI). The objective of this study is to compare epidemiology, 
clinical characteristics, etiologies, severity and outcomes of patients of these two categories. 
Methods: A prospective study was conducted during seven months from September 2012 to 
March 2013 in Hassan II University Hospital including all patients admitted to different depart-
ments of the hospital and having AKI. AKI was verified by applying the Acute Kidney Injury 
Network (AKIN) criteria, and patients were categorized as CA-AKI if AKIN criteria were met 
at admission. While HA-AKI was defined as if AKIN criteria were met twenty-four hours or 
longer after hospitalization. 
Results: Among the 210 patients with AKI, 157 were classified as CA-AKI (74.8%). There 
was no significant difference in age average and comorbidities between CA-AKI and HA-AKI. 
Dehydration and volume depletion were significantly more prevalent in patients with CA-AKI 
(47.7% vs. 34% for HA-AKI p<0.04). While HA-AKI was associated with a significantly high-
er prevalence of acute tubular necrosis than CA-AKI (50% vs. 3,8% in CA-AKI p<0.0001). 
Having the same severity of AKI, the two groups had sustained a high rate of residual renal fail-
ure. Also there were no significant differences between the numbers of patients requiring renal 
replacement therapy, and the length of hospital stay in both groups. The mortality in hospital 
was significantly higher in the HA-AKI group compared to AC-AKI group (39.6% AH-AKI 
versus 25.4% AC-AKI p<0.03).
Conclusion: This study highlights that risk factors for CA-AKI and HA-AKI are similar, with 
CA-AKI also being similar in patients with preexisting CKD, diabetes, heart disease, hyper-
tension, and cancer. This highlights the clinical characteristics of people in the community 
who may benefit from more frequent blood tests in the event of an acute illness or medication 
change.

KEYWORDS: Acute kidney injury; Community acquired; Hospital acquired; Outcomes.

ABBREVIATIONS: AKI: Acute Kidney Injury; AKIN: Acute Kidney Injury Network; CKD: 
Chronic Kidney Disease; CA-AKI: Community Acquired AKI; sCr: serum Creatinine; HA-
AKI: Hospital-acquired acute kidney injury; MDRD: Modification of Diet in Renal Disease; 
CRF: Case Report Form; ICU: Intensive Care Unit; CI: Confident Interval; ATN: Acute Tubu-
lar Necrosis; KDIGO:  Kidney Disease Improving Global Outcomes.
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INTRODUCTION

 Acute kidney injury (AKI) is defined as a rapid loss of 
kidney function and oliguria, which is associated with adverse 
patient outcomes.1,2 AKI is frequently associated to care; it is 
estimated to occur in up to 15% of hospitalized patients and up 
to 60% of critically ill patients.3-5 Despite substantial advances 
in renal replacement therapy and health care delivery, morbid-
ity and mortality rates associated with AKI have remained high. 
However, our current understanding of the epidemiology of AKI 
and its impact on morbidity, mortality, cost of medical care, and 
development of Chronic Kidney Disease (CKD) is based almost 
exclusively on studies of patients who developed AKI while 
hospitalized (HA-AKI). However, some patients develop AKI 
prior to hospitalization, termed community acquired AKI (CA-
AKI); the incidence of CA-AKI, the validity of the AKIN clas-
sification, and the impact of CA-AKI on patient outcomes are all 
not well studied. In this observational study, we compare clinical 
characteristics, etiologies, and outcomes of patients admitted to 
the hospital with community-acquired AKI in contrast to those 
who acquired AKI during their inpatient stay.

MATERIALS AND METHODS

Study Design

 This is a prospective study, conducted during seven 
months from September 2012 to March 2013 in Hassan II Uni-
versity Hospital, Fez, Morocco.

Patients

 We included all patients admitted to different depart-
ments of the university hospital and having acute kidney injury 
during the study period. Patient’s inclusion was done by ne-
phrologist after his/her requestor an increased serum creatinine 
among those patients. 

Comparing Groups Definitions

 AKI was defined according to the acute kidney injury 
network (AKIN) classification6 (Table 1). Community-acquired 
acute kidney injury (CA-AKI) was defined as patients with suf-
ficiently changed serum creatinine and urine output in order to 
meet AKIN criteria at the admission period (Table 1). Baseline 
serum Creatinine (sCr) values for patients with CA-AKI were 
determined through review of all sCr values taken from the pa-
tient (from the hospital or the community) during the preceding 
12 months. Hospital-acquired acute kidney injury (HA-AKI) 
was defined as an increase in serum creatinine and/or oliguria, 
according to AKIN criteria, that occurred twenty-four hours or 
longer after hospitalization. Patients were identified as having 
HA-AKI if no AKI was apparent on admission to hospital, but 
AKI developed during their hospital stay. Baseline sCr for pa-
tients with HA-AKI was taken as sCr on admission and was con-

firmed to be representative of true baseline by review of results 
from 12 months earlier. When no baseline sCr was available, 
the percentage increase that defines AKI was calculated using 
the upper limit of normal laboratory reference range for sCr in 
men and women, respectively. Moreover, patients with unknown 
baseline values had sCr values charted after AKI resolution, 
which further enabled approximation of baseline sCr and con-
firmation of true AKI. This method of baseline sCr identification 
is recommended in the recent Kidney Disease Improving Global 
Outcomes (KDIGO) AKI guidelines.7 

 

 Patients with preexisting chronic kidney disease 
(CKD) that sustained acute-on-chronic kidney injury were in-
cluded. CKD was identified from blood tests indicating baseline 
eGFR<60 ml/min per 1.73 m2 according to the Modification of 
Diet in Renal Disease (MDRD) equation.8 Recovery from AKI 
was defined as achievement of sCr no longer in keeping with the 
definition of AKI in comparison to baseline sCr values.

Data Collection

 Data were collected by nephrologists practicing in the 
university hospital of Fez using a Case Report Form (CRF) that 
was designed earlier for the study. Clinical data collected includ-
ed admitting specialty, demographics, medications, organ spe-
cific complications, and comorbid conditions. Creatinine values 
within 6 months prior to admission and at admission, at peak, at 
discharge were recorded. Admission to an Intensive Care Unit 
(ICU), requirement for dialysis, in-hospital mortality, length of 
stay, causes of death, in-hospital renal recovery and discharge 
disposition were recorded. A presumed cause of AKI was as-
signed based on clinical judgment after review of the medical 
record.

Statistical Analysis 

 Statistical analysis was carried out using SPSS soft-
ware, version 20. A descriptive analysis was performed, Contin-
uous data was presented as mean and Standard deviation (m±Sd) 
and categorical data as a percent and 95% Confident Interval 
(CI). At the univariate analysis, proportions were compared be-
tween groups using a Pearson chi-squared test. Continuous data 
were compared using t-test when comparisons were between 

Table 1: Acute Kidney Injury Network criteria. 

Stage Serum creatinine criteria Urine output criteria

1
Serum creatinine increase ≥26.5 μmol/l 

(≥0.3 mg/dl) OR increase to 1.5-2.0-fold from 
baseline

<0.5 ml/kg/h for 6 h

2
Serum creatinine increase >2.0-3.0-fold from 

baseline
<0.5 ml/kg/h for 12 h

3

Serum creatinine increase >3.0-fold from base-
line OR serum creatinine ≥354 μmol/l (≥4.0 mg/
dl) with an acute increase of at least 44 μmol/l 

(0.5 mg/dl) OR need for RRT

<0.3 ml/kg/h for 24 
h OR anuria for 12 h 

OR need for RRT
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two groups. 

Ethical Considerations

 An informed consent for participating in the study was 
obtained for all patients. No invasive investigation means was 
used. The authors declare no conflict of interest.

RESULTS

 We included 210 patients having AKI, aged 57.2±19.2 
years with a sex ratio (M/F) of 1.13.
 
 The main reasons for hospitalization were infections, 
uro-nephrologic diseases and digestive symptoms in respec-
tively 18%, 16.7%, and 14% of cases. Patients were admitted 
at emergency services in 66% of cases, at ICU in 15% of cases 
and at others medical departments in 16% of cases. Six percent 
of AKI episodes were mild (AKI stage 1); whereas most pa-
tients (70%) had sever renal insufficiency (AKI stage 3), and 
24% stage 2. Length of hospital stay was a mean of 12.5±13.5 
days. The global mortality rate among all patients study was 
29%. Among the 210 patients with AKI, 157 were classified as 
CA-AKI (74.8%), while 53 cases were classified as HA-AKI 
(25.2%). There was no significant difference in age average be-
tween CA-AKI and HA-AKI. Preexisting CKD was observed 

in 15.7% of patients with AKI, with similar proportions across 
the CA-AKI and HA-AKI groups (16.5% versus 13.2%; p=NS). 
Comparison of prevalence of various comorbid conditions in pa-
tients with CA-AKI and HA-AKI revealed approximately equal 
proportions of such diagnoses as diabetes, hypertension, heart 
disease and cancer. Table 2 compares the patient characteristics 
of patients with CA-AKI and HA-AKI. The physiologic char-
acteristics of AKI were divided into three categories; prerenal, 
intrarenal, and post renal. Intrarenal causes of AKI accounted 
for a greater proportion of HA-AKI (49% vs. 36%; p< 0.05), 
while prerenal causes were more common among patients with 
CA-AKI (48% vs. 43%; p=NS). Dehydration and volume deple-
tion were significantly more prevalent in patients with CA-AKI 
(47.7% vs. 34%; p<0.04). Also the number of CA-AKI patients 
with glomerulonephritis as the cause of AKI was significantly 
higher compared with HA-AKI (10.1% vs. 1.8%; p<0.04). CA-
AKI was associated with a significantly lower prevalence of 
Acute Tubular Necrosis (ATN) than HA-AKI (3,8% vs. 50%; 
p<0.0001). The frequency of symptomatic congestive heart fail-
ure and obstructive uropathy was not significantly different be-
tween the two groups (Figure 1, Figure 2 and Table 3).

 We have also investigated the data for acute mortality 
and short-term outcomes. Table 4 showed that the serum creati-
nine level at the admission was significantly higher in patients 
with CA-AKI compared to AH-AKI (62.5 mg/l vs. 42.6 mg/l 

Table 2: Characteristics of patients with CA-AKI and HA-AKI.

IRA-AH (n=53) IRA-AC (n=157) P

Mean age+/- SD (yr) 52.4+/-19 58.8+/-19 NS

Preexisting CKD 7(13.2%) 26(16.5%) NS

Diabetes 10(18.8%) 30(19.1%) NS

Hyertension 10(18.8%) 29(18.4%) NS

Heart failure 6(11.3%) 19(12.1%) NS

Cancer 10(18.8%) 24(15.2%) NS

Figure 1: AC-AKI etiologies. 
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p<0.01), Table 4 showed also no significantly differences be-
tween proportions of AKIN stages in the two groups compared. 
Short-term outcomes in patients with CA-AKI and HA-AKI are 
shown in Table 5. Having the same severity of AKI, the two 
groups had sustained a high rate of residual renal failure (77% 
AC-AKI versus 73% AH-AKI). Also there were no significant 
differences between the numbers of patients requiring renal re-
placement therapy in both groups (3.5% in the CA-AKI group 
and 1.8% in the HA-AKI group), and the length of hospital stay; 
the median stay in both patients with CA-AKI and HA-AKI was 
similar (12.5±14 days). However, mortality in hospital was sig-
nificantly higher in the HA-AKI group compared to AC-AKI 
group (39.6% AH-AKI versus 25.4% AC-AKI; p<0.03).

DISCUSSION

 Incidence and associated mortality risks of AKI in 
critically ill patients are well documented.3,4,9,10 Increases in se-
rum creatinine levels in non-critically ill hospitalized patients 
are also common and carry heightened mortality.1,2,11,12 This has 
been attributed to the older age and increased number of comor-
bid conditions present in hospitalized patients with AKI. In con-
trast, studies describing incidence, risk factors, and outcomes 
of patients who sustain AKI in the community are limited. The 
current study found that CA-AKI was more common than HA-
AKI, accounting for almost 80% of the patients with a diagnosis 

of AKI. That finding is consistent with two recent previous re-
ports. Wonnacott, et al.13 identified 686 patients who sustained 
AKI in the community. They compared this cohort with 334 pa-
tients who sustained AKI during a hospital stay. The incidence 
of CA-AKI was found at 86.2% in this study. Also Schissler, et 
al.14 found higher incidence of CA-AKI at 80%. In two earlier 
studies, Obialo, et al.15 performed a retrospective study of 100 
African Americans with AKI in which 80% of patients had CA-
AKI. Wang, et al.16 reported that 60% of 211 Chinese patients 
with AKI had CA-AKI. The absence of a reliable baseline serum 
creatinine was a significant limitation in both those studies. The 
availability for a baseline creatinine in the current study allowed 
us to accurately identify patients with CA-AKI, to define the 
prevalence of CKD in our cohort, and to accurately classify the 
severity of AKI.

 This study highlights that risk factors for CA-AKI and 
HA-AKI are similar, with CA-AKI also being similar in patients 
with preexisting CKD, diabetes, heart disease, hypertension, and 
cancer. This highlights the clinical characteristics of people in 
the community who may benefit from more frequent blood tests 
in the event of an acute illness or medication change.
 
 CKD was previously defined as a risk factor for AKI, 
and a 15.6% prevalence of CKD in the current study supports 
those observations.5,17 There was no difference in the prevalence 

Etiology AC-AKI (n:157) AH-AKI (n:53) P

ATN 4(3.8%) 27(50%) <0.0001

Glomerulonephritis 16(10.1%) 1(1.8%) 0.042

Volume depletion 75(47.7%) 19(34%) 0.04

Figure 2: AH-AKI etiologies.

Table 3: Etiology of AC- AKI and AH-AKI.
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of patients with CKD between CA-AKI and HA-AKI patients in 
our study. We deduce that CKD is also an important risk factor 
for CA-AKI. In a previous study, patients with CKD were re-
ported to experience more severe AKI.17 However, the presence 
of CKD was not associated with increased severity of AKI in our 
study.

 In agreement with other published reports,14 we also 
observed significant differences in the causes between patients 
with CA-AKI and HA-AKI. Volume depletion contributed to 
significantly more cases of CA-AKI, while ATN was more com-
mon in HA-AKI. This should not come as a surprise, since it is 
well known that patients with HA-ARF are more likely to have 
more severe illness, and the HA-ARF include frequently postop-
erative ARF cases.10

 The need for acute dialysis in patients with AKI ranges 
from 36% to 86%,18,19 depending on the origin of the AKI and the 
hospital setting. A rate of 36% was reported in one community-
based study,19 while the rate was 46% to 86% in a hospital-based 
ICU study.18 In our study we observed no significant differences 
between the numbers of patients requiring renal replacement 
therapy in both groups (20.7% in HA-AKI and 22.3% in CA-
AKI).

 Previous studies reported that RIFLE classification pre-
dicted increased length of stay, increased likelihood of discharge 
to rehabilitation facility, and increased mortality in patients with 
HA-AKI.1,12,20-25 In the current study the length of hospital stay 
was no different between patients with CA-AKI and HA-AKI 
and the degree of renal dysfunction cannot predict the length of 
hospital stay alone in the both groups because there was a simi-
lar distribution of AKIN class.

 AKI is an important contributor to CKD. Previous stud-
ies have highlighted increased risks of de novo CKD following 
episodes of AKI with incomplete recovery.4,11,14,26,27 In the cur-
rent study, patients with both CA-AKI and HA-AKI were found 
to have incomplete immediate recovery of renal function, based 
on discharge serum creatinine. We conclude that episodes of 
CA-AKI can also be a risk factor for the development or pro-
gression of CKD.

 All notable adverse outcomes in AKI such as mortal-
ity occurred more frequently in HA-AKI. It has been previously 
noted that mortality in CA-AKI may be up to 20% lower than 
that of HA-AKI.18,19 According to some recent reports, the mor-
tality rate in CA-AKI ranged from 15% to 26%,19 whereas the 
mortality rate in HA-AKI ranged from 25% to 70%.18 Also, the 
mortality rates observed in our study were consistent with these 
published reports. In this study, although AKI severity and co-
morbidity had a similar distribution between CA-AKI and HA-
AKI groups, the mortality rate was significantly higher in the 
HA-AKI group compared to AC-AKI.13,14 Documented predic-
tors of mortality such as oliguria, sepsis, multiorgan failure, and 
ICU stay or mechanical ventilation occurred more frequently 
in patients with HA-AKI.24,28 In our study, we actually found 
the some finding, in fact, HA-AKI group had higher prevalence 
of mechanical ventilation (18.9% vs. 8.3% in CA-AKI group; 
p<0.04), higher rate of multiorgan failure (17% vs. 14%. p=NS), 
higher prevalence of anuria (15.1% vs. 8.3% p= NS) and a high-
er rate of ICU stay (22.7% vs. 9.6; p<0.05).

 In the present study, having a long term following up of 
included patients would be relevant. It will allow us to determine 
renal long term outcome. This is a limitation for this study. How-
ever, we are confident about the results since the prospective 

AC-AKI (n:157) AH-AKI (n:53)
P

n % N %

AKIN stage1 11 (7%) 2 (3.7%)
NS

AKIN stage2 38 (24%) 12 (22.6%)

AKIN stage3 108 (68.7) 39 (73.5%)

Admission sCr values  
(mean±SD) mg/l

62.5±57 42.6+/-33.8 <0.018

AC-AKI (n:157) AH-AKI (n:53)
p

n % n %

Hemodialysis 35 (22.29%) 11 (20.7%) NS

Residualrenalfailure 121 (77%) 39 (73%) NS

Mortality 40 (25.4%) 21 (39.6%) <0.03

Median length of hospital 
stay (days)

12.59+/-13.4(1-71) 12.4+/-14(1-81) NS

Table 5: Outcomes of community- versus hospital-acquired AKI.

Table 4: Severity of CA-AKI and HA-AKI.
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design we used is very accurate. 

CONCLUSION

 This current report is one of few prospective study com-
paring AC-AKI and AH-AKI. Our data suggest that CA-AKI is a 
common cause of AKI that is as severe as that seen in HA-AKI. 
CA-AKI has a significant impact on length of stay, mortality, 
and the development and/or progression of CKD. Development 
of strategies to limit the risk of CA-AKI such as high risk factor 
subject screening may have a significant impact on healthcare 
costs and patient’s prognosis.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.

REFERENCES

1. Ali T, Khan I, Simpson W, et al. Incidence and outcomes 
in acute kidney injury: a comprehensive population-based 
study. J Am Soc Nephrol. 2007; 18: 1292–1298. doi: 10.1681/
ASN.2006070756 

2. Wald R, Quinn RR, Adhikari NK, et al. Risk of chronic dialy-
sis and death following acute kidney injury. Am J Med. 2012; 
125: 585-593. doi: 10.1016/j.amjmed.2012.01.016

3. Bagshaw SM, Laupland KB, Doig CJ, et al. Prognosis for 
long-term survival and renal recovery in critically ill patients 
with severe acute renal failure: a population-based study. Crit 
Care. 2005; 9: R700-R709. doi: 10.1186/cc3879

4. Lo LJ, Go AS, Chertow GM, et al. Dialysis-requiring acute 
renal failure increases the risk of progressive chronic kidney dis-
ease. Kidney Int. 2009 ; 76: 893-899. doi: 10.1038/ki.2009.289

5. Waikar SS, Wald R, Chertow GM, et al. Validity of Interna-
tional Classification of Diseases, Ninth Revision, Clinical Modi-
fication codes for acute renal failure. J Am Soc Nephrol. 2006; 
17: 1688-1694. doi: 10.1681/ASN.2006010073 

6. Acute Kidney Injury Network: AKIN Studies. Available at: 
http://www.akinet.org/akinstudies.php 2015; Accessed Septem-
bre 15, 2015.

7. Kidney Disease Improving Global Outcomes (KDIGO). KDI-
GO clinical practice guideline for acute kidney injury. Available 
at: http://kdigo.org/home/guidelines/acute-kidney-injury 2012; 
Accessed September 15, 2015.

8. Levey AS, Greene T, Kusek J, Becj G. A simplified equation 
to predict glomerular filtration rate from serum creatinine. J Am 
Soc Nephrol. 2000; 11: 155A.

9. Mehta RL, Pascual MT, Soroko S, et al. Spectrum of acute 
renal failure in the intensive care unit: the PICARD experi-
ence. Kidney Int. 2004; 66: 1613-1621. doi: 10.1111/j.1523-
1755.2004.00927.x

10. Schiffl H. Renal recovery from acute tubular necrosis requir-
ing renal replacement therapy: a prospective study in critically 
ill patients. Nephrol Dial Transplant. 2006; 21: 1248-1252. doi: 
10.1093/ndt/gfk069 

11. Hsu CY, Chertow GM, McCulloch CE, Fan D, Ordoñez JD, 
Go AS. Nonrecovery of kidney function and death after acute on 
chronic renal failure. Clin J Am Soc Nephrol. 2009; 4: 891-898. 
doi: 10.2215/CJN.05571008 

12. Liangos O, Wald R, O’Bell JW, Price L, Pereira BJ, Jaber 
BL. Epidemiology and outcomes of acute renal failure in hospi-
talized patients: a national survey. Clin J Am Soc Nephrol. 2006; 
1: 43-51. doi: 10.2215/ CJN.00220605 

13. Wonnacott A, Meran S, Amphlett B, Talabani B, Phillips A. 
Epidemiology and outcomes in community-acquired versus hos-
pital-acquired AKI. Clin J Am Soc Nephrol. 2014; 9(6): 1007-
1014. doi: 10.2215/CJN.07920713 

14. Schissler MM, Zaidi S, Kumar H, Deo D, Brier ME, McLeish 
KR. Characteristics and outcomes in community-acquired ver-
sus hospital-acquired acute kidney injury. Nephrology. 2013; 18: 
183-187. doi: 10.1111/nep.12036 

15. Obialo CI, Okonofua EC, Tavade AS, Riley LJ. Epidemiol-
ogy of denovo acute renal failure in hospitalized African Ameri-
cans: comparing community-acquired vs hospital-acquired dis-
ease. Arch Intern Med. 2000; 160: 1309-1313. doi: 10.1001/
archinte.160.9.1309

16. Wang Y, Cui Z, Fan M. Hospital-acquired and com-
munity-acquired acute renal failure in hospitalized Chi-
nese: a ten-year review. Ren Fail. 2007; 29: 163-168. doi: 
10.1080/08860220601095918

17. Hsu CY, Ordonez JD, Chertow GM, Fan D, McCulloch CE, 
Go AS. The risk of acute renal failure in patients with chronic 
kidney disease. Kidney Int. 2008; 74: 101-107.

18. Brivet FG, Kleinknecht DJ, Loirat PL, Andais PJ. Acute 
renal failure in intensive care units-causes, outcome, and prog-
nostic factors of hospital mortality: a prospective multi-center 
study. Crit Care Med. 1996; 24192-24198.

19. Liano FP, Ascual J. Epidemiology of acute renal failure: a 
prospective, multi-center, community-based study. Kidney Int. 
1996; 50811-50818.

20. Ostermann M, Chang RW. Acute kidney injury in the inten-

Page 35

http://jasn.asnjournals.org/content/18/4/1292.long
http://jasn.asnjournals.org/content/18/4/1292.long
http://www.ncbi.nlm.nih.gov/pubmed/22516564
http://www.ccforum.com/content/9/6/R700
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2771754/
http://jasn.asnjournals.org/content/17/6/1688.long
http://www.akinet.org/akinstudies.php
http://kdigo.org/home/guidelines/acute-kidney-injury
http://www.nature.com/ki/journal/v66/n4/full/4494788a.html
http://www.nature.com/ki/journal/v66/n4/full/4494788a.html
http://ndt.oxfordjournals.org/content/21/5/1248.long
http://www.ncbi.nlm.nih.gov/pubmed/19406959
http://cjasn.asnjournals.org/content/1/1/43.long
http://www.ncbi.nlm.nih.gov/pubmed/24677557
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schissler%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=23336108
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zaidi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23336108
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23336108
http://www.ncbi.nlm.nih.gov/pubmed/?term=Deo%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23336108
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brier%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=23336108
http://www.ncbi.nlm.nih.gov/pubmed/?term=McLeish%20KR%5BAuthor%5D&cauthor=true&cauthor_uid=23336108
http://www.ncbi.nlm.nih.gov/pubmed/?term=McLeish%20KR%5BAuthor%5D&cauthor=true&cauthor_uid=23336108
http://www.ncbi.nlm.nih.gov/pubmed/23336108
http://archinte.jamanetwork.com/article.aspx%3Farticleid%3D485302
http://archinte.jamanetwork.com/article.aspx%3Farticleid%3D485302
http://www.tandfonline.com/doi/abs/10.1080/08860220601095918%3FjournalCode%3Dirnf20


 NEPHROLOGY

Open Journal
http://dx.doi.org/10.17140/NPOJ-1-106

Nephrol Open J

ISSN 2380-0445

sive care unit according to RIFLE. Crit Care Med. 2007; 35: 
1837-1843.

21. Xue JL, Daniels F, Star RA, et al. Incidence and mortal-
ity of acute renal failure in Medicare beneficiaries, 1992 to 
2001. J Am Soc Nephrol. 2006; 17: 1135-1142. doi: 10.1681/
ASN.2005060668

22. Kuitunen A, Vento A, Suojaranta-Ylinen R, Pettila V. Acute 
renal failure after cardiac surgery: evaluation for the RIFLE clas-
sification. Ann Thorac Surg. 2006; 81: 542-546. doi: 10.1016/j.
athoracsur.2005.07.047

23. Bagshaw SM, George C, Bellomo R. Changes in the inci-
dence and outcome of early acute kidney injury in a cohort of 
Australian intensive care units. Crit Care. 2007; 11: R68. doi: 
10.1186/cc5949 

24. Chertow GM, Burdick E, Honour M, Bonventre JV, Bates 
DW. Acute kidney injury, mortality, length of stay, and costs in 
hospitalized patients. J Am Soc Nephrol. 2005; 16: 3365-3370. 
doi: 10.1681/ASN.2004090740

25. Tian J, Barrantes F, Amoateng-Adjepong Y, Manthous CA. 
Rapid reversal of acute kidney injury and hospital outcomes: a 
retrospective cohort study. Am J Kidney Dis. 2009; 53: 974-981. 
doi: 10.1053/j.ajkd.2009.02.007

26. Bucaloiu ID, Kirchner HL, Norfolk ER, Hartle JE 2nd, Per-
kins RM. Increased risk of death and de novo chronic kidney 
disease following reversible acute kidney injury. Kidney Int. 
2012; 81: 477-485. doi: 10.1038/ki.2011.405
 
27. Meier P, Bonfils RM, Vogt B, Burnand B, Burnier M. Refer-
ral patterns and outcomes in noncritically ill patients with hos-
pital acquired acute kidney injury. Clin J Am Soc Nephrol. 2011; 
6: 2215–2225. doi: 10.2215/CJN.01880211

28. Chertow GM, Lazarus JM, Paganini EP, Allgren RL, Lafay-
ette RA, Sayegh MH. Predictors of mortality and the provision 
of dialysis in patients acute tubular necrosis. J Am Soc Nephrol. 
1998; 9692-9698.

Page 36

http://jasn.asnjournals.org/content/17/4/1135.long
http://jasn.asnjournals.org/content/17/4/1135.long
http://www.annalsthoracicsurgery.org/article/S0003-4975%2805%2901325-1/abstract
http://www.annalsthoracicsurgery.org/article/S0003-4975%2805%2901325-1/abstract
http://www.ccforum.com/content/11/3/R68
http://jasn.asnjournals.org/content/16/11/3365.long
http://www.ncbi.nlm.nih.gov/pubmed/19362401
http://www.ncbi.nlm.nih.gov/pubmed/22157656
http://www.ncbi.nlm.nih.gov/pubmed/21817132


 NEPHROLOGY

Open Journal
http://dx.doi.org/10.17140/NPOJ-1-107

Nephrol Open J

ISSN 2380-0445

Research
*Corresponding author: 
Ghita El Bardai, MD 
Department of Nephrology 
Hassan II University Hospital 
Sidi Hrazem Road 30000 
Fez, Morocco 
Tel. 00212661212355 
Fax: 00212535613726 
E-mail: elbardaighita@yahoo.fr

Article History:
Received: September 18th, 2015 
Accepted: October 12th, 2015   
Published: October 12th, 2015

Citation: 
EL Bardai G, Najdi A, Dami F, Kabbali 
N, Arrayhani M, Houssaini TS. Exten-
sive search for dry weight: should we 
change the strategy? Nephrol Open 
J. 2015; 1(2): 37-43.

Copyright: 
© 2015 EL Bardai G. This is an 
open access article distributed 
under the Creative Commons At-
tribution License, which permits 
unrestricted use, distribution, and 
reproduction in any medium, pro-
vided the original work is properly 
cited.

Volume 1 : Issue 2
Article Ref. #: 1000NPOJ1107

Extensive Search for Dry Weight: Should 
We Change the Strategy?

Ghita El Bardai1*, Adil Najdi2, Fadoua Dami1, Nadia Kabbali1,3, Mohamed Arrayhani1,3 
and Tarik Sqalli Houssaini1,3

1Department of Nephrology, Hassan II University Hospital, Sidi Hrazem Road 30000, Fez, 
Morocco
2Department of Epidemiology, Faculty of Medicine and Pharmacy, Sidi Mohamed Ben Abdel-
lah University, Sidi Hrazem Road 30000, Fez, Morocco
3Equipe R.E.I.N, Laboratory of Molecular Basis in Human Pathology and Therapeutic Tools, 
Faculty of Medicine and Pharmacy, Sidi Mohamed Ben Abdellah University, Sidi Hrazem 
Road 30000, Fez, Morocco

Page 37

ABSTRACT

Introduction: A wrong estimate of the dry weight in hemodialysis patients increases their mor-
bidity and mortality. The aim of our study was to compare the results of the estimated dry 
weight using the clinical examination with the results of the lung ultrasound, impedance mea-
surement, ultrasound of the inferior vena cava and B-type Natriuretic Peptide (BNP) assay.
Methods: A cross-sectional study was conducted in an hemodialysis center at Fez. The esti-
mated dry weight of the patients was evaluated before and 30-60 minutes after the hemodialysis 
session using the four above-mentioned methods. 
Results: The values,   measured by the different techniques used, drop significantly after hemo-
dialysis (p<0.001). The measurement studied before and after the hemodialysis, had shown a 
significant correlation between the results of the impedance measurement, lung ultrasound, the 
maximum and minimum of the Venous Collapsibility Index (VCI) index diameter as well as 
its collapsibility. However, no correlation was found between BNP levels and other methods. 
A significant difference between the results provided by the techniques studied and the results 
of the clinical evaluation was found in 84.4% of patients. In univariate analysis, only age was 
significantly shown as an associated factor with error estimation (p<0.04). 
Conclusion: This study is one of the few studies using lung ultrasound to assess the hydration 
status of hemodialysis patients. It also showed a good correlation with other methods. The exis-
tence of a gap between the subjective and objective target weight suggests the usefulness of a 
systematic periodic use of bioimpedance and ultrasound techniques even if clinical symptoms 
are absent.

KEYWORDS: Dry weight; Hemodialysis; Bioelectrical impedance; Inferior vena cava diameter; 
Ultrasound lung; B-type natriuretic peptide.

ABBREVIATIONS: BNP: B-type Natriuretic Peptide; VCI: Venous Collapsibility; BIS: Bio-
impedance spectroscopy; IVC: Inferior Vena Cava; HD: Hemodialysis; BCM: Body Composi-
tion Monitor.

INTRODUCTION 

 The reliable and reproducible estimate of dry weight in hemodialysis patients remains 
a clinical problem to date. Prolonged overestimation of dry weight causes hypertension, left 
ventricular hypertrophy and heart failure, while the underestimation is responsible for a chronic 
dehydration leading to the risk of hypotension.1 Both complications have a significant impact 
on morbidity and mortality in hemodialysis patients.2
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 Despite the huge progress achieved in the assessment 
of the adequacy of dialysis treatment in term of solutes purifica-
tion; no measure allows, at the present time, to accurately assess 
the adequacy of the fluid balance.3

 Most centers determine the ultrafiltration rate during 
the session based on the weight «target» as a reference. This 
represents the weight reached late in the session after norma-
lization of the patient’s extracellular volume. In other words, it 
is the weight that is associated with the absence of extracellular 
dehydration signs, or signs of hydrosodic retention.4 However, 
this parameter is considered clinically very subjective, varying 
significantly, and imprecise since it does not take into account 
the changes in nutritional status, lean body mass, and the vascu-
lar refilling capacity of each patient.5 
 
 It is obvious that using better assessment methods of 
determining volume changes during hemodialysis are needed to 
adapt the goal for fluid removal so that the target weight later 
will always be close to the true dry weight of the patient. Such 
methods have evolved from clinical assessment to sophisticated 
systems of “biofeedback”, which incorporate blood volume, 
ultrafiltration rate and conductivity, going through the use of 
Body Composition Analysis (Body Bioimpedance spectroscopy 
(BIS)), ultrasound of the vena cava, the serum markers and lung 
ultrasound.6

The objectives of our study are: 

• To assess fluid status of chronic hemodialysis patients by 
using: lung ultrasound, Body bioimpedance spectroscopy 
(BIS), ultrasonography of the Inferior Vena Cava (IVC) 
and Natriurectic peptide type B dosage (BNP) assay,

• To measure the correlation between the results of the four 
methods,

• To compare the dry weight, determined by the objective 
methods mentioned above, with the one determined clini-
cally,

• To identify associated factors with eventual errors in the 
clinical estimation of the dry weight.

MATERIALS AND METHODS
 
Study Design

 This is a cross-sectional study, conducted during March 
2014 in the hemodialysis center of Al Ghassani provincial Hos-
pital in Fez.

Patients 
 
 Using an arteriovenous fistula, the patients included in 
this study were aged over 18, and have begun chronic hemodi-
alysis since at least 3 months. 
 
 Were excluded from the study all the patients with the 

following criteria:
 
• An acute event (infectious episode or a hospitalization) within 
the 3 months preceding the study regardless of the cause. 
• A lung disease with pulmonary fibrosis, or dyspnea stage IV 
of NYHA showing a heart failure that may affect the results of 
lung ultrasound regardless of the state of hydration. 
• Inability to wear bioimpedance spectroscopy (BIS) (prosthe-
ses, pacemaker ...).

 All our patients receive a conventional intermittent di-
alysis for two to three sessions per week, using low permeability 
polysulfone membranes with a standard bicarbonate dialysate. 
The Ultrafiltration rate is prescribed according to the interdia-
lytic weight gains compared to the target weight clinically deter-
mined by the treating nephrologist. 

Data Collection
 
 The survey was carried out by a nephrologist not be-
longing to the team of hemodialysis center where the study is 
conducted. A pre-operating sheet was used for the collection of 
information.

 In addition to demographic data and those related to 
kidney disease, comorbidities and dialysis prescription, we col-
lected all episodes of intradialytic hypotension, cramps or post-
dialytic asthenia, during the last three sessions of hemodialysis.

 The dry weight assessment parameters were measured 
in two phases: one hour before the Hemodialysis (HD) session 
and between 30 to 60 minutes following the end of the same ses-
sion.

Therefore, the parameters collected are: 

• Weight, under the usual conditions of the center using an 
electronic scale.

• The supine blood pressure measurement is done after 10 
minutes rest, using a validated electronic device.

 
Bioimpedance spectroscopy (BIS): We used the BCM (Body 
Composition Monitor, Fresenius Medical Care®, Germany), 
dedicated to the analysis of body composition and nutritional 
status of patients. The impedance was performed to the patients, 
who were lying down flat in bed, after having rested immedi-
ately 10 minutes before and 30 to 60 minutes after the hemo-
dialysis session. The electrodes were placed on the wrist of the 
contralateral arm of the Arteriovenous Fistula (AVF) and on the 
homolateral ankle.

Lung Ultrasound: Lung ultrasound was performed by the same 
trained nephrologist, who did not have access to patients’ clini-
cal data and also to the impedance results. The imaging was 
made by using an ultrasound (KOLTRON Magic Maestro) with 
a 7 Mhz vascular probe in order to look for an alveolar-intersti-
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tial syndrome characterized by the presence of specific artefacts 
called “B-lines” or “comet tails “ which are proof of pneumo-
nitis (congestion of the lungs) caused by fluid overload in he-
modialysispatients.7,8 Ultrasound examination was performed to 
the patients in supine position, with a longitudinal scan from the 
second to the fourth intercostal space of the left hemi-thorax and 
from the second to the fifth intercostal space of the right hemi-
thorax at the medioclavicular and midaxillary lines of each side. 
B-lines were defined as a hyperechogenic linear artifact that 
are emerging from the pleural line, going to the bottom of the 
screen, and are being coherent with respiratory movements. The 
number of B-lines has been determined by the sum of the B-lines 
found in each examined site. Thus, the selected number reflects 
the extravascular accumulation of the liquid in the lung.

Ultrasound of the inferior vena cava (IVC): We used an ultra-
sound (KOLTRON Magic Maestro) with a 3.5 Mhz cardiac 
probe. The same trained operator explored the IVC within the 
sub-xiphoid window at 2.5 cm of the IVC-right atrial junction. 
The measure of the minimum diameter of IVC (DIVC min) was 
made during inspiration and during the expiration; the maximum 
diameter of the IVC (DIVC max) was measured.

Dosage of natriurectic peptide type B (BNP): We assayed the 
BNP immediately before and after the hemodialysis session us-
ing a patented enzyme immunoassay (TOSOH®).

STUDIED VARIABLES

Definitions

• The subjective target weight: it was the prescribed weight 
taken from the patient logbook, estimated by the attending 
nephrologist, and based on clinical criteria such as: weight, 
blood pressure, presence of edema or vascular congestion, 
as well as the weight on cardiac index measured by the chest 
x-ray.

• The objective Target weight: it was the determined weight 
based on the various performed techniques (Impedance, 
BNP, lung ultrasound, ultrasound of the inferior vena cava).

• Weight loss: is the difference between the weight before and 
after hemodialysis.

Impedance Results
 
 The reference values determined by the impedance to 
define euvolemia in the normal population are within the range 
of -1.1 L to 1.1 L.9 Referring to these values, we have classified 
our patients into three groups:

• Dehydrated patients if the fluid volume is less than the refer-
ence value-1.1 L

• Patients in euvolemia if the volume of fluid is within the ref-
erence range±1.1 L

• Patients in overload if the fluid volume is greater than the 
reference value+1.1 L.

Results of the Inferior Vena Cava Ultrasound
 
 The index of the IVC diameter (iIVCD) was measured 
by dividing the IVCD maximal and IVCD minimal on body sur-
face (Dubois formula) to obtain respectively the iIVCD max, 
and the iIVCD min.

 The collapsibility index of the IVC (CiIVC) was cal-
culated by using the following formula: 

[(IVCD max - IVCD min)/IVCD max × 100]. 

Referring to the criteria of ultrasound,10 we classified patients:

- Dehydrated if the iIVCD max <8 mm/m².
- Euvolemic if 8 mm /m²≤iIVCD max ≤11.5 mm/m².
- In overload if the iIVCD max >11.5 mm/m².

Results of Lung Ultrasound
 
 Pulmonary congestion (Lung congestion) by fluid over-
load was retained in patients with the following characteristics:11  

1. Scan which shows several lines “B”: number >2 (criteria of 
the SFAR)

2. Positivity diffuse in more than one scans
3. Bilateral positivity

Biological Outcomes

 For the BNP assay method used in our study, values 
that are below 120 pg/ml are considered as normal; whereas, 
those above 400 pg/ml are considered as high.12 For the other 
biological parameters, we used the mean value of serum sodium, 
calcium, phosphate, CRP, hemoglobin, PTH and albuminemia in 
the last three months.

STATISTICAL ANALYSIS

 The data were entered into an Excel sheet and analyzed 
using SPSS software Version 20. In the descriptive analysis, 
quantitative variables were expressed as mean±standard devia-
tion and qualitative variables as percentages. The comparison of 
means was made using Student test; whereas, the comparison of 
percentages was performed using Chi-square test. To measure 
the correlation between the results of the four evaluated objec-
tive methods, we have used the bivariate correlation method and 
estimated the r coefficient for each correlation. Subsequently, 
three groups of patients were defined according to the difference 
between the objective target weight determined by the different 
methods used in our study and the subjective target weight pre-
determined clinically by the health care team:

- Group A: The objective target weight is less than the subjective 
target weight with a deviation of more than one kilogram
- Group B: The deviation between the objective and the sub-
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jective target weight does not exceed one kilogram. This is the 
standard acceptable gap in our study.
- Group C: The objective target weight is greater than the sub-
jective target weight with a deviation of more than one kilogram.

 An univariate analysis was performed to show the cor-
relates of the subjective estimation error of the target weight.

ETHICAL CONSIDERATIONS

 An informed consent for participating in the study was 
obtained from all patients. No invasive investigation was used. 
All additional costs associated with the study were funded by the 
research budget of the Nephrology Department of the University 
Hospital Hassan II of Fez. 

RESULTS
 
 We included 77 patients, aged 48.13±16 years with a 
sex ratio (M/F) of 1.1. The average length of hemodialysis was 
10.1±0.5 years. Initial nephropathy was vascular, glomerular 
and diabetic in respectively 35%, 20% and 8.5% of cases. 44% 
of patients are hypertensive. Dyspnea was found in 35.1% of 
cases, mostly stage I (24.7%) and no patient had dyspnea stage 
III or IV. Anemia was found in 52.6% with a mean hemoglobin 
rate of 9.62±2.17 g/dl. The mean albumin rate was 39.73±7.5 
g/l. Clinical, biological and demographic characteristics are pre-
sented in Table 1.

 

 The values of fluid status assessment, which are mea-
sured by the impedance, the number of B-lines in lung ultra-
sound, the IVC index, and the BNP rate, decreased significantly 
(p<0.001) after hemodialysis compared to predialytic values 
(Table 2). The same results were shown when we consider the 
categories of each measurement method: in patients with fluid 
overload, the values of impedance, IVC, the number of B-lines 
and BNP decreased significantly subsequent to hemodialysis 

(Figure 1). On the other hand, in post dialysis, there were more 
patients who were classified hypovolemic by ultrasound of the 
IVC (57%) than by impedance (38%).

 

 
 The correlation analysis between the results of different 
techniques before and after hemodialysis is summarized in Table 
3. There was a very significant correlation between the imped-
ance, lung ultrasound, the index of the maximum and minimum 
IVC and its collapsibility both before and after hemodialysis 
session. However, there was not any significant correlation be-
tween BNP rate and other studied methods.

 We also studied the correlation between the change of 
the ultrasound results and the movement of water during hemo-
dialysis session expressed by weight loss. Only the reduction 
of the number of the B-lines was significantly correlated with 
weight loss (β coefficient=0.36, p<0.005) (Table 4).

 In our study, only 15.6% of patients did not have a gap 
between the subjective target weight and objective target weight, 
while 84.4% of patients had a significant difference between the 
results provided by the techniques studied and the result of clini-

Table 1: Baseline characteristics (mean±SD).

Figure 1: Distribution of groups according to fluid status determined by lung ultrasound comets 
(a) inferior vena cava diameter (b) bioimpedance spectroscopy (c) and b natrial peptid (d) before 
and after hemodialysis session. 

Parameters N=77 

Hypertension (%) 44

Cardiac ejection fraction (%) 66.5

Dyspnea stage (NYHA %)
Stage I
Stage II

Stage III. IV 

35.1
24.7
10.4

0

Intradialytic hypotension (%) 7.8%

Weekly sessions (%)
 3 times
 2 times 

50.6%
49.4%

Residual diuresis (ml/j) 146±394

Rate UF/session (ml) 2500 IQR (2000-3100) Range (1000-4500)

Hemoglobin rate (g/dl) 9.6 IQR (8.0-11) Range (4.8-14.1)

Albumine rate (g/l) 40.9 IQR ( 36-44.9) Range (20.3-48)

Before HD After HD P

Bioimpedance (liter) +1.2±1.2 -0.36±1.3 <0.001

Lung ultrasound
 Number of B-lines 

4.4±3.4 1.3±1.6 <0.001

Ultrasound of VCI
iDVCI max (mm)
iDVCI min (mm)

CVCIi %

10.2±2.6
5.1±3.1

53.2±24.1

7.6±2.6
2.4±3

75.1±29.2

<0.001
<0.001
<0.001

BNP (pg/ml) 603±606.5 405.5±560.7 <0.001
VCI: Inferior vena cava; iDVCI: index of the inferior vena cava diameter; CVCI: Collapsibility 
index of the inferior vena cava; BNP: B natrialpeptid.
Table 2: Fluid status before and after hemodialysis session (mean±SD).
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cal evaluation. 70.1% of these patients had a negative gap (group 
A) and 14.3% of them had a positive gap (group C).

 In the univariate analysis, several factors were stud-
ied in order to show correlates of these differences including: 
age, sex, comorbidities, length of hemodialysis, inflammation, 
anemia, nutritional status, left ventricular hypertrophy, systolic 
ejection fraction. Age was the only significant factor that was 
related to the differences since the patients with a negative gap 
(group A) had an average age of 47.2±12 years; whereas, the 
subjects with no gap (Group B) had an average age of 58±13 
years and those with a positive gap (group C) had a mean age of 
50.7±13.7 years (p<0.04).

DISCUSSION

 This is a cross-sectional study conducted to compare 
firstly the different techniques of assessing water status before 
and after hemodialysis session, and secondly to assess hydration 
status of our patients and have a more objective view of their dry 
weight in order to establish a strategy to optimize their care.

 All the techniques investigated in this study show that 
there is a reduction in overload after hemodialysis session, and 

there is a good correlation between these different methods ex-
cept the BNP assay. This result fits in with the one found by F 
Basso, et al. in 2013.13 Although, the new techniques are prom-
ising, they have important practical and theoretical limits. For 
example, skin lesions, wrongly placed electrode, electrical in-
terference, and obesity are the limits of theimpedance.6 In addi-
tion, the data of the impedance change 120 minutes after the end 
of hemodialysis.14 Similarly, Agarwal, et al. has shown that the 
measurement of IVCD is a method that well reflects the intravas-
cular volume but has a low sensitivity for detecting a change in 
the fluid in post-dialysis time.15 Consistently, our results shown 
that inpost-dialysis, there are more patients classified hypovole-
mic by ultrasound measurements of the IVC than by conductiv-
ity measurement. This difference is due to the time required for 
transferring the fluid from the interstitial sector to the intravas-
cular one “refilling’’. At the end of the hemodialysis session, a 
relative hypovolemia may exist. The conductivity measurements 
achieved just after the dialysis session, underestimate the degree 
of dehydration. While ultrasound of inferior vena cava (IVC) 
overestimates the degree of dehydration in these patients. The 
results obtained by these two techniques should be close enough 
if the measurements were made a few hours after hemodialysis 
session.16 Among our hemodialysis patients, the rate of BNP is 
high in pre-dialysis, especially in patients suffering from over-

B-Lines iDVCI min iDVCI max CVCIi BNP

- Before hemodialysis session      

Over hydratation by bioimpedance 0.691** 0.372** 0.461** -0.244* 0.08

B-Lines _ 0.610** 0.607** -0.485** 0.095

iDVCI min _ _ 0.788** -0.558** 0.052

iDVCI max _ _ _ -0.916** 0.013

CVCIi _ _ _ _ -0.005

BNP _ _ _ _ _

- Afterhemodialysis session      

Over hydratation by bioimpedance 0.756** 0.559** 0.581** -0.507** 0.128

B-Lines _ 0.679** 0.749** -0.592** 0.101

iDVCI min _ _ 0.837** -0.959** 0.001

iDVCI max  _ _ -0.737** 0.097

CVCIi _ _ _ _ 0

BNP _ _ _ _ _

*0.001<p<0.05 **p<0.001      

VCI: Inferior vena cava; iDVCI: index of the inferior vena cava diameter; CVCI: Collapsibility index of the inferior vena cava; 
BNP: B natrial peptid.

Correlation between weight loss and: Coefficient β P

B-linesreduction (%) 0.36 0.005

DVCI max reduction (%) 0.12 NS

DVCI min reduction (%) 0.04 NS

CVCI reduction (%) -0.11 NS

DVCI: the inferior vena cava diameter; CVCI: collapsibility of the inferior vena cava.

Table 3: Correlation between different techniques before and after hemodialysis session.

Table 4: Linear regression with weight loss.
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load, and significantly reduces in post-dialysis time. However, 
it is not correlated with the results of the other methods. This 
could partly be explained by the existence of other determinants 
than the volume overload that may influence BNP rate in these 
patients, particularly any myocardial aggression.17 On the other 
hand, this hormone is dialyzable with the membranes of high 
and low permeability.18 This allows us to infer, as it has already 
been shown, that the dosage of the BNP does not have an inter-
est in the evaluation of water status in hemodialysis patients,19 
since this assay does not distinguish between euvolemic and de-
hydrated patients.20

 Lung ultrasound is a simple method, that is easy, inex-
pensive, without irradiation, andwhich can be used at the bed-
side of the patients.21 Nevertheless, it is an operator-dependent 
method. Previously, it was shown that the number of B-lines was 
correlated to the extravascular water.21 In our study, the correla-
tion between weight loss and ultrasound data, showed that only 
the reduction of B-lines was significantly correlated; whereas, 
no correlation existed with the reduction of IVCD. This confirms 
that the two preceding techniques evaluate two different fluid 
compartments: the IVCD reflects the volume of intra-vascular 
water, and the number of B-lines reflects the volume of extravas-
cular water. Thus, the IVCD is not sensitive in assessing rapid 
changes of fluids during hemodialysis,22 whereas, lung ultra-
sound can be performed immediately after hemodialysis.23

 At the end of this study, we had shown that a signifi-
cant difference existed between the objective target weight and 
the subjective target weight. This confirms that the actual deter-
mination of the dry weight is difficult and the clinical estima-
tion remains a non-specific method3 and therefore insufficient.
The underestimated dry weight in most of our young chronic 
hemodialysispatients had no clinical or interdialytic relevance. 
It misled the nephrologist in 70% of cases. This would be due 
to a better hemodynamic tolerance of Ultrafiltration or rather of 
dehydration in young patients who have a good cardiovascular 
condition. Studies have clearly shown an increased risk of death 
and cardiovascular events when intradialytic hypotension hap-
pens in hemodialysis patients in older population.24 Young he-
modialysis patients, asymptomatic despite the hypovolemia, are 
often underestimated in different studies. Cardiovascular mor-
bidity and mortality risk deserves to be studied in this subgroup 
of patients. It also raises the question of the value of a periodic 
systematic use of impedance and ultrasound techniques in all 
hemodialysis patients even in the absence of a clinical anomaly.

CONCLUSION

 This study is among the few studies that have used 
lung ultrasound to assess the state of hydration of hemodialysis 
patients. It allows us to show the right correlation between the 
results of this review and those of the impedance and the ultra-
sound of the IVC. The existence of a gap between the subjec-
tive target weight and the objective target weight suggests the 
incessant need for a coupling between these different techniques 

according to a strategy adapted to the characteristics of each pa-
tient.
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